• Paramedic data can provide prehospital information that could be used in the systematic monitoring and detection of sudden changes in the number of opioid-related events community.
• As some of the people who overdose are not transported to hospitals, the paramedic record may offer the only medical record of their overdose event.
• In this proof-of-concept study, significant spikes in the number of paramedic responses to opioidrelated events were detected in advance of media reports about the arrival of high-grade fentanyl arriving in Ottawa, Canada.
emergency department visits on a weekly basis. 2 However, despite the coordinated public health response, there remains a data gap for the systematic monitoring of overdoses occurring in communities across the country.
In Canada, paramedics are usually the first health care professionals to arrive on the scene of an overdose event. It is routine practice for the paramedics to collect information about the circumstances of the overdose. In most jurisdictions, these "prehospital" data are entered into an electronic system within 24 hours of the
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The nature of Canada's opioid crisis necessitates additional data sources that can provide a more comprehensive picture of the epidemic, in order to provide public health officials and decision-makers with a robust evidence base. Paramedic data provide a conduit into the community where overdoses occur.
Prehospital events and circumstances surrounding opioid-related overdoses provide unique opportunities to collect evidence that can contribute to prevention, harm reduction and health promotion efforts. Using data extracted from the Ottawa Paramedic Service (OPS), this proof-of-concept study demonstrated that paramedic response data were useful in providing near real-time epidemiological information (person, time and place) on the opioid epidemic and in assessing trends and opportunities to develop alert triggers.
Between January and June 2017, the OPS responded to an average of four opioid-related calls each week. On average, 0.5 mg of naloxone was administered each time. For the study period, linear trends show a small but insignificant increase in calls (p = 0.18). A higher volume of calls occurred between April 16 and 29, 2017. According to local media reports, this spike in paramedic responses was due to the arrival of high-grade fentanyl in Ottawa.
With further validation, paramedic data can potentially provide a novel data source to monitor opioid-related overdoses.
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In response, resources have been mobilized to closely monitor the epidemic. For example, as a result of the collaboration between the provinces and territories, lag times for documenting opioid-related death data have been significantly reduced. Similarly, enhanced surveillance of emergency department visits has also been implemented. In Ontario, hospitals are required to report opioid-related
Introduction
Canada is in the midst of an opioid epidemic. In some parts of the country, the number of deaths has been increasing, event. Such information could be invaluable in providing context for understanding the opioid crisis. As such, the objective of this proof-of-concept study is to determine whether paramedic data can be routinely used for public health monitoring purposes.
Methods
The Ottawa Paramedic Service (OPS) collates data from dispatches to medical emergencies in the city of Ottawa (population approximately one million in an area of 2796 square kilometres). The OPS collects information on patient characteristics, the nature of the emergency response and the treatment, if provided, for example, the dose of naloxone administered.
For this proof-of-concept study, data collected between 1 January 2017 and 17 June 2017 were extracted from the OPS on 27 June 2017. Although geocoding information was available (i.e. location of overdose by address, full postal codes), these data were not shown for privacy reasons.
Statistical methods
We used anonymous and aggregate data in this analysis. An opioid-related event is defined as a response requiring administration of naloxone to counteract the effects of an opioid-related overdose. Due to small cell counts, events were reported on a weekly basis and aggregated into 5-year age groups. Descriptive statistics were conducted to examine distributions of events.
As part of a trend analysis, an alert threshold was computed. A 7-week moving average was used to compute stable expected values. Given the count nature of the data, a Poisson distribution was used to compute the 95% confidence interval (CI) around the expected value. 3 Statistical cutoffs (α = 0.05) were arbitrarily used to define alert thresholds. An Excel macro-enabled template produced by the European Centre for Disease Prevention and Control (ECDC) was used for the analyses. 3 The number of paramedic responses exceeding the upper bounds was considered a threshold event or a departure from the expected range, and required further investigation (i.e. alert level).
Results
Between 1 January 2017 and 17 June 2017, there were 86 paramedic responses to opioid-related overdoses that required administration of naloxone. An average dose of 0.5 mg of naloxone was administered each time. Two-thirds (66%) of the cases were males, and 57% of all cases were between 25 and 39 years of age (mode: 30-34 years).
Linear trends show a small but insignificant increase in the number of weekly paramedic responses (p = 0.18). During the study period, the OPS received an average of four calls per week. The numbers of responses exceeded threshold levels between April 16 and April 29 (Figure 1) . The highest number of calls was received during week 17 (23-29 April, 2017), when nine calls resulted in naloxone administration by paramedics. The spike in the number of calls was reported by local print and broadcast/online media 4, 5 and in social media one week later. 6 
Discussion
The purpose of this study was to evaluate whether paramedic response data can be used to monitor the opioid crisis. Public health surveillance is defined as the "systematic and continuous collection, analysis, and interpretation of data, closely integrated with the timely and coherent dissemination of the results and assessment to those who have the right to know so that action can be taken." 7 In this context, the systematic collection of data by the OPS provided epidemiological information on person, place and time-information necessary for public health surveillance.
This information is consistent with what is known about the opioid crisis in Canada. Most of the paramedic responses (66%) involved opioid-related overdoses by males, which is similar to mortality data (74% of apparent opioid-related deaths occurred among men 1 ). Likewise, both prehospital (paramedic response data) and hospital data (emergency department visits and hospital admissions data) indicate that young adults are at high risk of opioid-related overdoses. 8 The ongoing collection of OPS data also provided opportunities to evaluate trends, with spikes exceeding statistical thresholds in advance of media reports. This lead-time health intelligence could prove to be invaluable for public health action.
In most parts of Canada, response data are entered into electronic databases within 24 hours of paramedics responding to an emergency event. This makes the data accessible for near real-time analysis and thus appropriate for contributing to an early warning systems.
Secondly, paramedic response data are geocoded (data not shown), as paramedics require an exact location in order to respond to an event. Accurate geographically indexed information would be available for public health surveillance to help identify hotspots and generate heat maps. Thirdly, as some individuals who overdose are not transported to hospitals, the paramedic record may be the only record of an overdose.
Finally, paramedic response data can be used to evaluate the impact of a particular public health policy or intervention. For example, the policy of making naloxone kits available to the general public without prescriptions may result in fewer individuals being transported to emergency departments because naloxone reverses the effects of the opioid-related overdose. Since the paramedic service has broad coverage and is active in most municipalities in Canada, there is the potential to provide a national picture of the opioid crisis.
Despite these advantages from the perspective of public health surveillance, there are limitations to using paramedic response data. These include the different infrastructure, prioritizing mechanisms and case definitions of opioid-related overdoses used by providers of paramedic services. In some jurisdictions, data on paramedic services are available at the provincial level, whereas in others such data are only available at the municipal level. Therefore, data quality needs to be evaluated for consistency, accuracy and precision.
From a national perspective, while pooling paramedic data in order to get a national picture would be desirable, comparing opioid-related overdoses in different jurisdictions with different case definitions is not possible. To this end, case definitions would need to be harmonized before comparisons across jurisdictions could be made. Alternatively, it would be valuable to be able to examine changes in trends as a way of monitoring the opioid crisis. There is also the potential to misclassify opioid-related events (for example, individuals who experience an opioid-related overdose may not be given naloxone and therefore would not meet the case definition).
Another consideration is that paramedics may not be called to attend all opioidrelated overdoses in the community, so OPS data may fail to capture a proportion of overdoses.
In this study, we used a statistical cutoff (α = 0.05) to establish the alert threshold. It was an arbitrary decision to demonstrate a proof-of-concept. Depending on the context, a less conservative statistical threshold (e.g. α = 0.1) or a clinical cutoff could also be established.
Conclusion
Paramedic response data can provide prehospital information that has the potential to be used for systematic monitoring and detection of sudden changes in the number of opioid-related events in a community. In this proof-of-concept study, significant spikes in paramedic responses to opioid-related events in Ottawa were detected in advance of media reports. With further validation, paramedic response data can potentially provide a novel data source for monitoring public health events such as those related to opioid-related overdoses.
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